INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly vascular tumor, thus, angiogenesis is considered to be important for its progression (1) . Vascular endothelial growth factor (VEGF) is a well known, potent angiogenic factor which enhances vascular permeability, promoting the extravasation of protein to form a stromal matrix and tumor invasion (2) . Serum VEGF was reported to predict venous invasion in patients with HCC (3), and researchers have reported correlation between higher serum VEGF and poorer prognosis in several cancers (4) (5) (6) (7) . However, controversy still exists as to whether serum or plasma VEGF will provide the information about tumor angiogenesis and prognosis, because serum VEGF can be influenced by VEGF released from platelets during clotting (8, 9) .
It has been reported that the VEGF content of platelets is several-fold higher in cancer patients than in healthy subjects (10, 11) . Platelets are also known to endocytose and concentrate plasma proteins such as VEGF and later transport them into their granules (12) . Thus, some authors have suggested that VEGF secreted from tumor cells could be stored and transported by platelets in the bloodstream, and that this reservoir of VEGF might have a role in tumor angiogenesis and invasion (10, 11, 13, 14) . Based on this hypothesis, VEGF load in platelets may indirectly show tumor-originated VEGF and predict tumor angiogenic activity better than serum VEGF. A recent study used serum VEGF per platelet count to correct variation of serum VEGF levels in patients with different platelet counts (15) . In that study, serum VEGF per platelet count correlated with advancing stage of colorectal cancer, suggesting its role as a standard measure of circulating VEGF. However, there is Downloaded from https://academic.oup.com/jjco/article-abstract/34/4/184/848928 by guest on 11 January 2019 still little data regarding the prognostic significance of serum VEGF per platelet count in patients with HCC. In this study, we determined the prognostic implication of serum VEGF per platelet count and its relation with clinical parameters in patients with HCC.
SUBJECTS AND METHODS

PATIENTS
Fifty-two patients with primary HCC were enrolled between 2001 and 2002. Forty-seven of 52 patients underwent pathologic diagnosis. The remaining five patients could not undergo biopsy because of high bleeding tendency. However, these five patients could be diagnosed as HCC because of their typical findings on abdominal computed tomography and high alpha fetoprotein (αFP) level. They were staged based on the TNM staging of The Liver Cancer Study Group of Japan (LCSGJ) (16) . They all had liver cirrhosis as an underlying disorder before they were diagnosed as having HCC. Surgical resection of primary mass was not attempted in the patients with HCC because of their poor operability. In 35 patients, a blood sample was taken before their initial treatment. After that, 20 patients and 15 patients were treated with either transarterial chemoembolization or systemic chemotherapy, respectively, as the first line therapy. The other 17 patients had taken between two and four cycles of transarterial chemoembolization before they were enrolled into this study. In these patients, systemic chemotherapy was started after blood sampling because of the disease progression. Blood was taken when they were in the follow-up period at least 4 weeks after their last cycle of transarterial chemoembolization. Their median follow-up was 5 months (range, 1-14 months) after they were enrolled into the study, and the response to treatment was assessed every two cycles of treatment. For comparison of serum VEGF and platelet count, 30 healthy controls and 26 liver cirrhosis patients were enrolled as control groups. Patients with infection or chronic inflammation were excluded from this study. Healthy controls were volunteers who turned out to have no medical disorders after their health examinations, including liver function test and abdominal ultrasound. The study was performed with informed consent obtained from all patients and control subjects, and was approved by the institutional review board for human investigation at Korea University.
COLLECTION OF SAMPLES
Venous blood was drawn from all patients and healthy volunteers using 21-gauge needle. In order to count platelets, blood counts were performed with an automated blood Coulter counter. For preparation of serum samples, the tubes were centrifuged at 3000 g for 10 min at room temperature, 30 min after blood collection. Serum was separated and the aliquots stored at -80°C until assay by enzyme-linked immunosorbent assay (ELISA) of VEGF.
ELISA OF VEGF
Serum VEGF concentrations were measured with Biotrak VEGF human ELISA system (Amersham Pharmacia Biotech, Buckinghamshire, UK). Ninety-six-well microtiter plates were coated with anti-human VEGF antibody. Then 50 µl of serum was added to each well and incubated for 2 h at room temperature. The plates were incubated with biotinylated anti-human VEGF 165 for 1 h and streptavidin-HRP reagent for 30 min. A color reaction was induced by the addition of premixed TMB substrate solution and was stopped 30 min later by the addition of a stop solution. The absorbency was measured on an ELISA reader at 450 nm. All samples were assayed in duplicate and the mean value was used for VEGF determination. The sensitivity limit of this assay was 8.0 pg/ml for VEGF.
STATISTICAL ANALYSIS
All data are presented as median values with the 25th and 75th interquartile ranges. Comparisons of continuous variables in different subgroups were performed using the Mann-Whitney U test or the Kruskal-Wallis test. Coefficient of correlation (r) between serum VEGF concentrations and platelet counts was calculated using the Spearman's rank test. Survival curves were calculated using the Kaplan-Meier method and compared by the log-rank test. The Cox proportional hazards regression model was used for multivariate analyses after univariate analysis defined relevant prognostic variables. Statistical significance was defined as P < 0.05. All the statistical analyses were performed using a statistical software package (SPSS, Version 10.0, Inc., Chicago, IL).
RESULTS
SERUM VEGF, PLATELET COUNT AND SERUM VEGF PER PLATELET COUNT IN PATIENTS WITH HCC, LIVER CIRRHOSIS AND HEALTHY CONTROLS
The basal characteristics of the patients with HCC and liver cirrhosis were similar, including viral marker status and liver function (Table 1) , and all the patients with HCC had liver cirrhosis as an underlying disorder. Table 1 demonstrates that serum VEGF level was higher in the patients with HCC compared to those with the liver cirrhosis and healthy controls (P < 0.01). Although platelet count was lower than in healthy subjects, it was also higher in patients with HCC than those with liver cirrhosis (P < 0.01). Serum VEGF per platelet count was calculated by dividing serum VEGF concentration by the platelet count, and HCC patients showed higher values as compared to the healthy controls and liver cirrhosis patients (P < 0.01).
CORRELATION OF SERUM VEGF LEVEL AND PLATELET COUNT
In the patients with HCC, there was a statistically significant correlation between serum VEGF level and platelet count (r = 0.75, P < 0.01) (Fig. 1) . There was an increase in serum VEGF level according to the increments of platelet count. However, there was no correlation between serum VEGF levels and platelet count in the patients with liver cirrhosis and healthy controls (P = 0.11, 0.52, respectively).
CORRELATION BETWEEN SERUM VEGF, PLATELET COUNT AND SERUM VEGF PER PLATELET COUNT AND CLINICAL FEATURES IN THE PATIENTS WITH HCC
Serum VEGF level and platelet count were increased with advanced tumor stage and the presence of portal vein thrombosis. Thus, serum VEGF per platelet count was higher in the group at stage III/IV and with portal vein thrombosis than in the group at stage I/II and without portal vein thrombosis (P = 0.03, 0.04, respectively). Serum VEGF level and platelet count were higher in the patients without splenomegaly than those with splenomegaly, but serum VEGF per platelet count was not different with or without splenomegaly. There was no correlation between serum VEGF per platelet count and other clinical features including serum αFP level and child class. In our study, 17 patients had been treated with transarterial chemoembolization before they were enrolled, so we compared the serum VEGF level and platelet count of the treatment-naive 35 patients with the 17 patients who had been treated with transarterial chemoembolization. There was no difference between the two groups (P > 0.05) ( Table 2) .
IMPACT OF SERUM VEGF PER PLATELET COUNT ON RESPONSE AND SURVIVAL
We assessed the relationship of serum VEGF per platelet count with the treatment response and overall survival. The group with high serum VEGF per platelet count (>1.4 pg/10 6 ) and that with low serum VEGF per platelet count (≤1.4 pg/10 6 ) were divided by the median value. In patients treated with transarterial chemoembolization and systemic chemotherapy, the number of cases showing disease progression was higher in the group with high serum VEGF per platelet count ( Table 3) . The high serum VEGF per platelet count group was inferior to the low serum VEGF per platelet count group in terms of survival duration (P = 0.01) (Fig. 2) . Thirty-three patients died during the follow-up period and the causes of death were as follows: disease progression (n = 10), hepatic failure (n = 13) and combined (n = 10). In the multivariate analysis including clinical variables, serum VEGF per platelet count was found to be an independent prognostic factor with portal vein thrombosis in HCC patients (Table 4) . High serum VEGF per platelet count (>1.4 pg/10 6 ) was significantly related with worse survival in patients with and without portal vein thrombus (P < 0.01, both) (Fig. 3) .
DISCUSSION
Tissue expression of VEGF and its correlation with prognosis have been investigated by immunohistochemistry (17, 18) . However, immunohistochemistry has a limitation, because it requires a tumor specimen. On the other hand, the measurement of VEGF in blood does not require a tumor specimen, thus it is applicable to every cancer patient. On the other hand, serum VEGF level can be influenced by platelet count and it is still unclear whether serum VEGF level can reflect the actual events occurring at the tumor site. The role of platelets in tumor angiogenesis and prognosis has been well described. Thrombocytosis has been reported to be a direct cause of poorer survival in patients with lung and endometrial cancer (19, 20) and a direct correlation between platelet counts and serum VEGF has also been reported (11, 15, 21) . In addition, platelets have been reported to endocytose and store various angiogenic factors such as VEGF and platelet-derived growth factor (PDGF) in their granules, and these molecules are secreted immediately after platelet activation (22) . Therefore, platelets may transport VEGF to its target Kaplan-Meier survival curve shows a significant decrease in survival of patients with increased serum VEGF per platelet count (×10 6 /ml) (P < 0.01).
cells, restricting the angiogenic activity of circulating VEGF to sites where coagulation takes place, such as a healing wound (23) . This view is supported by the fact that platelet aggregation with cancer cells is commonly observed during the process of angiogenesis and metastasis (24) . This function of platelets may explain the lack of apparent angiogenesis observed outside of the tumor in patients with high amounts of circulating VEGF. In this study, HCC patients showed higher serum VEGF and lower platelet count than healthy controls (P < 0.01). In addition, serum VEGF level was significantly correlated with platelet counts in HCC patients (r = 0.751, P < 0.01), but there was no such correlation in liver cirrhosis patients and healthy controls, in agreement with the previous studies (11, 15) . These facts would imply the abundance of tumor-originated VEGF in platelets of the HCC patients.
In both groups with transarterial chemoembolization and systemic chemotherapy, the number of cases with disease progression was higher in the patients with high serum VEGF per platelet count (>1.4 pg/10 6 ). Serum VEGF per platelet count was also increased with tumor size, advanced TNM stage and the presence of portal vein thrombosis. In addition, those 10 patients with distant metastasis at the time of diagnosis showed high serum VEGF per platelet count. Based on these findings, we suggest that serum VEGF per platelet count predicts tumor aggressiveness and treatment outcome.
Serum VEGF per platelet count was higher in the patients with HCC than in those with liver cirrhosis. The presence of HCC could contribute to this difference, because both groups had liver cirrhosis and similar characteristics such as liver function and viral markers. This may suggest the possible role of serum VEGF per platelet count as an indicator of the development of HCC in patients with liver cirrhosis during follow-up.
In the multivariate survival analysis, high serum VEGF per platelet count (>1.4 pg/10 6 ) and portal vein thrombosis were independent prognostic indicators for overall survival. This suggests that serum VEGF per platelet count could be a better prognostic factor than serum VEGF itself. Child-Pugh class failed to show a prognostic significance in this study, but it does not imply that the prognosis of HCC is independent of underlying liver functions. We suggest that it is related to the relatively small size of the patient population of this study. Basically, serum VEGF is a combination of both VEGF released from platelets on coagulation and the circulating plasma VEGF. Furthermore, platelets may normally contain a certain amount of VEGF in their granules regardless of the presence of tumor, and this, therefore, needs to be taken into account. However, because serum VEGF per platelet count in healthy controls was very low compared to that in HCC patients in this study, and since plasma VEGF level has been known to be very low compared to serum, the impact of these factors should be small in this study.
In conclusion, this study demonstrates that serum VEGF per platelet is a reliable indicator of prognosis in patients with HCC. Therefore, serum VEGF per platelet count could be a useful clinical parameter for follow-up and establishing treatment strategy. Further study with a larger patient population and longer duration is warranted to clarify its value in clinical application.
